Abstract. Starting from 3β-acetoxy-17-oxo-16,17-secoandrost-5-ene-16-nitrile (1), 3β-acetoxy-16,17-secoandrost-5-ene-16-nitrile (4) was synthesized by a three-stage procedure. First, the formyl group of compound 1 was reduced, to yield the alcohol 2. Compound 2 was further transformed to the mesyloxy derivative 3, whose reduction with NaBH 3 CN gave compound 4.
INTRODUCTION
There are various ways of reducing the C=O group of aldehydes and ketones to a CH 2 [1] . The two oldest methods are the Wolff-Kishner reduction and the Clemensen reduction. In the Wolff-Kishner reduction, the aldehyde or ketone is heated with hydrazine hydrate and a base (usually NaOH or KOH). There are also a number of modifications of the Wolff-Kishner reaction, one of them being the Huang-Minlon reaction [2] . Another modification of the Wolff-Kishner reduction treats a ketone with hydrazine in toluene with microwave irradiation [3] . Also, a microwave-assisted Huang-Minlon procedure has been reported [4] . An indirect method of accomplishing the reaction is to use tosylhydrazones with NaBH 4 , NaBH 3 CN or BH 3 [5] . We have recently reported the reaction of reduction of tosylhydrazones, obtained from the corresponding steroidal 17-oxo-16,17-seco-16-nitriles with the aid of NaBH 4 , which yielded the steroidal 16,17-triazoles [6] . Namely, the presence of the nitrile group close to the tosylhydrazone function facilitated the intramolecular 1,3-dipolar cycloaddition of the C≡N group onto the in situ generated diazo compound, which resulted in the formation of a triazole ring. Sulfonate esters, such as tosylates or mesylates, can also be reduced with NaBH 4 in polar aprotic solvents [7] . In this paper we used this indirect method for preparing a C-13 methyl derivative from the starting 3 -hydroxy-17-oxo-16,17-secoandrost-5-ene-16-nitrile by three synthetic steps.
EXPERIMENTAL

General procedure
Melting points were determined using a Büchi SMP 20 apparatus and are uncorrected. To the solution of compound 3 (0.17 g, 0.4 mmol) in DMSO (2 ml), sodium cyanoborohydride (0.13 g, 3.7 mmol) was added, and the reaction mixture was stirred at 160°C for 15 h. After that, the reaction mixture was poured into water (40 ml) and acidified (6 M HCl) to pH 1. The solid product was purified by column chromatography (15 g, n-hexaneacetone 6:1), giving a mixture of compounds 4-6. Pure compound 4 was obtained after the recrystallization from n-hexane -acetone (45 mg, 34%, mp 153ºC). The mixture of compounds 5 and 6 was straggled behind in the water liquor and could not be separated. 
3β-Hydroxy-16,17-secoandrost-5-ene-16-nitrile (7)
To the solution of sodium ethoxide in ethanol (0.1 M, 1.7 ml) comapound 4 (57 mg, 0.17 mmol) was added, and the reaction mixture was heated to 55°C with intensive stirring for 75 min. After that the mixture was poured to water (2 ml), acidified (6 M HCl) to pH 1, and extracted with dichlormethane (3 x 1 ml). The joined extracts were dried and the solvent removed. The crude product in the form of oil was chromatographed on silica gel (5 g, n- 
3-Oxo-16,17-secoandrost-4-ene-16-nitrile (8)
Compound 7 (46.8 mg, 0.16 mmol) was dissolved in cyclohexanone (2.7 ml), and then aluminum isopropyloxide (104.5 mg, 0.5 mmol) was added. The reaction mixture was heated at the boiling temperature for 3 hours. After that it was acidified (6 M HCl) to pH 3 and subjected to steam distillation. Upon the distillation and cooling the product was extracted with dichloromethane (3 x 10 ml). The joined extracts were dried and the solvent was removed. The crude product was purified by column chromatography on silica gel (3 g, n- -5); 199.43 (C-3) .
RESULTS AND DISCUSSION
The starting compound in this synthesis was 3 -acetoxy-17-oxo-16,17-secoandrost-5-ene-16-nitrile (1), whose synhesis was described previously [8] . Compound 1 was reduced first with sodium borohydride (NaBH 4 ) and thus transformed to compound 2 [8] .
Scheme 1.
The hydroxyl group in the molecule of compound 2 was further transformed to the mesyloxy function using methylsulfonyl chloride in absolute pyridine, which resulted in 7 compound 3 (Scheme 1). With the aim of obtaining a methyl group at the C-13 position, compound 3 was subjected to the reduction with sodium borohydride in dimethylsulfoxide.
This reducing agent was chosen because of the presence of cyano group in compound 3, since it is known that in a polar aprotic solvent it reduces selectively sulfonate esters in the presence of a number of functional groups, such as the ester, carboxylic, amide, nitrile, nitro, olefine, aldehyde, keto, and epoxide [7] . The reaction was performed at 160°C during 15 hours, and it yielded 3β-acetoxy-16,17-secoandrost-5-ene-16-nitrile (4) in the mixture with another two compounds, 5 and 6, which could not be separated by colum chromatography. Pure compound 4 was obtained after recrystallization, but the compounds 5 and 6 remained in the mother liquor, and could not be separated. The GC/MS analysis showed that these two compounds differ from compound 4 only by two mass units. We suppose that compounds 5 and 6 contain a double bond, that is that they are 8(14) and 14 derivatives of compound 4.
Scheme 2 shows the postulated mechanism of formation of compounds 5 and 6.
According to this mechanism, in the first phase the disruption of the C 17 -O bond takes place, followed by the elimination of the mesyloxy group and formation of the primary carbocation 3a. The rearrangement of the hydride anion from the C-14 atom yields the more stable, tertiary carbocation 3b. The elimination of the proton from the C-8 atom (direction a) yields the formation of the 8(14) double bond, whereas the elimination of the proton from the C-15 atom yields the 14 double bond (direction b).
Scheme 2.
The deprotonation of compound 4 was carried out under basic reaction conditions with sodium ethoxide in ethanol, and the resulting 3 -hydroxy derivative 7 was subjected to the Oppenauer oxidation with cyclohexanone and aluminum isopropoxide, rendering 3-oxo-8 16,17-secoandrost-4-ene-16-nitrile (8) .
CONCLUSION
The paper describes a multistage synthesis of D-seco compounds 2-8, starting from compound 1. By reducing the OH group of compound 2 with sodium borohydride and of mesyloxy group in compound 3 with sodium cyanoborohydride in dimethylsulfoxide, a methyl group was introduced at the C-13 position (compound 4). Apart from the expected 16,17-seco derivataive 4, two additional products were obtained, for which it was supposed that they contain 8(14) (5) and 14 (6) double bonds. The proposed mecahnism of formation of compounds 5 and 6 is based on the assumption of the rearrangement of the hydride anion from the C-14 atom to the intermedate primary carbocation 3a, with further elimination of the proton from the C-8, i.e. C-15, atom.
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